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Decomposition of CH , to C and H on Ni/SiO, catalyst was
investigated with membrane reactor comlstmg of 30Pd10Ag al-
loy tube for the production of H,. Application of membrane reac-
tor was effective for increasing the yield of H,and consequently,
CH, conversion far exceeded the equilibrium conversion of
closed system by using the membrane reactor.

Hydrogen is expected as the new energy source without the
emission of air pollutant. At present, hydrogen is mainly pro-
duced by the steam reforming of CH,. However, this reaction is
endothermic reaction and the large thermal energy is required for
the production of hydrogen. Furthermore, hydrogen produced
by steam reforming of CH , contains the large amount of CO, or
CO as a by-product, consequently, separation process is also re-
quired for the production of H,. In contrast, dccomposition of
methane to carbon and hydrogen has the following advantages
for the production of H,. Small thermal energy is enough for
proceeding the reaction, since the reaction enthalpy is far smaller
than that of steam reforming and the gaseous product is only hy-
drogen. In this study, decomposition of CH , over Ni/SiO,, cata-
lysts was investigated for the new production method of hyarogcn
by using membrane reactor where Pd-Ag alloy tube was used for
the H2 permeable films. The SiO —sup;iortcd Ni catalyst exhibits
high activity to the CH , decomposition,” however, the yield of H
becomes low in the temperature range lower than 773 K due to
the chemical equilibrium. There have been some reports con-
cerning on the 3 yllcation of membrane separation process with
catalyst process™ and it is suggested that the application of mem-
brane separation process is effective for improving the overall
conversion in various reactions. ™ However, application of
these membrane reactor systems for the catalytic decomposition
of hydrocarbon has not been reported.

The SiO_-supported Ni catalyst with total metal loading of 10
wt % was prepared by the incipient wetness techniques. The cata-
lysts were calcined at 573 K for 4h under air stream and were
reduced at 673 K for 5 h under a hydrogen stream. Catalytic
decomposition of CH, to C and H, was performed with a
double-tubular type membrane reactor. Palladium-silver alloy
(90Pd10Ag) tube (Tanaka Kikinzoku Co. Ltd.) with 250 pm in
thickness and 10 mm in the outer diameter was used for the inner
tube as the hydrogen permeable membrane. The SiO, -supported
Ni catalyst was placed between the inner Pd-Ag tube and the outer
pyrex glass tube (23 mm in the outer diameter). The gaseous mix-
turc of CH, and N, (CH ,:N_=1:9) was fed to the catalyst bed at
W/F=10 g-cat.h/mol under an atmospheric pressure, where W and
F mean catalyst weight and flow rate, respectively. Argon gas
was fed to the inside of Pd-Ag alloy tube at an atmospheric pres-
sure for sweeping the permeated hydrogen. Conversion of CH
and yield of H, were determined by the analysis of CH, and H_ in
the reactor sui%: and permeated side with TCD gas chromatogra-
phy. The yield of carbon was estimated by the mass balance of
carbon .

Figure 1 shows the comparison of overall CH 4 conversion

in the membrane reactor and that in the fixed bed reactor. Com-
paring with the molar amount of converted CH,, almost the
equimolar amount of C and the twice molar amount of H_ were
formed in the both membrane reactor and fixed bed reactor.
Therefore, only decomposition of CH, was proceeded in the
both reactors. The SiO,-supported Ni catalyst exhibited the high
activity for the decomposition of CH 40 Cand H2, however, the
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Figure 1. Temperature dependences of the CH, conversion and
H2/C ratio over Ni/SiO, with fixed bed reactor and membrane
reactor. (- ) Equlhbnum convers1on
(W/F=10 g-cath mol ™! , Sweep Ar; 20 mlmin™ )
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Figure 2. Effects of flow rate of sweep Ar on the activity of CH
decomposition. (673 K, W/F=10 g-cat.hmol” )
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CH, conversion was as low as 40 % at 773 K in case of the fixed
bed reactor. Removing the formed hydrogen with Pd-Ag tubes
was effective in enhancing the overall CH , conversion as shown
in Figure 1. In particular, the positive effects of CH , conversion
with membrane reactor became significant with increasing the
reaction temperature, since the H, permeability became larger
with elevating temperature. However, yield of H, is still low in
the low temperature range even by using the membrane reactor.
This may result from the low permeability of hydrogen of the
used Pd-Ag alloy tube and the low reaction rate of CH , decompo-
sition. Therefore, there is a possibility for the further increase in
the CH, conversion by optimizing the reaction condition.

151" igure 2 shows the effects of flow rate of sweep Ar on the
overall conversion of CH, at 673 K. Since the increasing rate of
sweep Ar enhances the permeability of H, through Pd-Ag tubes,
the conversion of CH, increased with increasing the flow rate
of sweep Ar and attained a value of 16 % when the flow rate of
sweep Ar was 500 ml min~". However, conversion of CH, was
almost independent of the flow rate of sweep Ar in the range
above 200 ml min™L. This suggested that the rate of CH, decom-
position upon Ni/SiO2 catalyst became smaller than that of hy-
drogen permeation by increasing the flow rate of sweep Ar.

The overall conversion of CH, was plotted in Figure 3
against the contact time, W/F, at 673 K. The conversion of CH 4
was increased with increasing the contact tlmc and attained a
value of 15 % when W/F was 60 g-cat.h mol . Therefore, longer
contact time was more preferable for the high yield of hydrogen.
However, the dependence of CH, conversion upon contact time
was small in the range longer than W/F=60 g-cat. h mol -1, Con-
sequently, the contact time higher than 50 g-cat.h mol” and the
flow rate of sweep Ar higher than 200 ml min 1 were preferable
for the high conversion for CH , decomposition, respectively.

Temperature dependence of CH, conversion under thus
estimated optimum reaction condition was shown in Figure 4.
Comparing the temperature dependence of CH, conversion in
Figure 1, the conversion of CH , increased drastically by increas-
ing the flow rate of sweep Ar and the contact time. In particular,
the increase in the CH, conversion in the temperature range
above 723 K was significant. Consequently, the overall conver-
sion of CH , in membrane reactor exceeded the equilibrium con-
version in tﬁe temperature range higher than 700 K and methane
was completely decomposed above 823K. On the other hand,
carbon, by-product of H,_, was formed on the catalysts and it is
expected that catalyst was deactivated by the coverage of formed
carbon. However, the CH , conversion at about 70 % Was stably
sustained over examined gO hat 773 K, W/F=10 g-cat. hl. The
weight of Ni/SiO | catalyst was increased from 0.40 to 2. 04 g after
CH, decomposition for 60 h. The molar amount of carbon depos-
ited on catalysts was 200 times larger than that of the supportcd
Ni. TEM and SEM observations suggest that the formed carbon
was a graphite filament with tublar shape and the Ni particle ex-
isted at the tip of filament. Therefore, it is expected that the activ-
ity of Ni/SiO,, catalyst to CH, decomposition was stably main-
tained over a long period, because the carbon mainly deposited
under the Ni particle and the Ni surface was exposed to the reac-
tant even after the large amount of carbon deposited. It is also
noted that the decrease in the H, parmeation rate of used Pd-Ag
tube could not be observed. This study revealed that the decom-
position of CH , to C and H,, with membrane reactor is one of the
promising methods for the production of hydrogen.
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Figure 3. Effects of contact time on the activity to CH decom-
position. (673 K, Sweep Ar; 20 mlmin” )
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Figure 4. Temperature dependence of CH, decomposition over
Ni/SiO, with the membrane reactor under optlmlzed condition.
(W/F—§O g-cath mol ! , Sweep Ar; 200 ml min )

Research Institute of Innovative Technology for the Earth
(RITE).

References and Notes

1 T. Ishihara, T. Fujita, Y. Miyashita, and Y. Takita, Shokubai,
35, 324 (1993).

2 I. Shu, B.P.A. Grandjean, A. van Neste, and S. Kaliaguine,
Canad. J. Chem. Eng., 69, 1036 (1991).

3 N. Itoh, Shokubai, 36, 246 (1994).

4 S. Uemiya, N. Sato, H. Ando, and E. Kikuchi, Ind. Eng. Chem.
Res., 30, 585 (1991).

5 S. Uemiya, I. Koike, and E. Kikuchi, Appl. Catal., 76,171
(1991).



